Individualization of therapy choices requires the prediction of likely response. Predictor and explanatory factors of change in HbA 1c were studied using data from a large observational study of starting insulin analog therapy (the A 1 chieve study).
Maintaining control of blood glucose to target levels in people with diabetes can delay the development and progression of diabetes-related complications in type 2 diabetes, emphasizing the importance of effectively managing glucose levels in this population (1) (2) (3) . Because of the progressive nature of type 2 diabetes, obtaining optimal glucose levels with lifestyle changes and/or oral glucose-lowering drugs (OGLDs) becomes increasingly difficult over time from diagnosis, and other glucose-lowering strategies may need to be considered (4, 5) .
A number of randomized controlled trials provide evidence of improved glycemic control without an increase in hypoglycemia when insulin analogs are added to therapy with OGLDs in insulinnaive people, or when they are used to replace human insulin in insulin users (6) (7) (8) . Observational studies, including the A 1 chieve study, have provided support for this from routine clinical practice (9) (10) (11) (12) .
It is generally agreed that individualizing therapies can help in achieving blood glucose level targets in people with type 2 diabetes (13, 14) . Accordingly, if possible, it would be useful to be able to predict responses to insulin therapy, both when beginning insulin therapy and when adapting insulin regimens. Additionally, it would be scientifically useful to examine explanatory factors to try to understand what determines a better response to insulin when therapy is begun or enhanced.
A few studies have looked at factors potentially linked to good glycemic control in individuals with type 2 diabetes, but these are mostly local and relatively small studies, often with no therapy change and with low power (15) (16) (17) (18) (19) (20) . A 1 chieve studied 66,726 people in 28 countries across four continents (12) ; thus, despite the limitations of observational data, this study population provides an opportunity for higher power and global relevance compared with smaller studies. Furthermore, glucose control improved to a clinically relevant degree, providing a robust outcome with which to look at predictors and explanatory factors, a wide range of measures being collected both at baseline and withinstudy, including health-related quality of life (HRQOL) (12, 21) . The large numbers studied suggest that, in addition to identifying which factors are predictive of improved glucose control, it may be possible to gain an estimate of the power of prediction, and therefore potential clinical and scientific utility.
RESEARCH DESIGN AND METHODS

Study Design
A total of 66,726 people were enrolled in the A 1 chieve study, as fully described elsewhere (12) . Briefly, this was a 24-week, international, prospective, multicenter, noninterventional, observational study examining the safety and effectiveness of basal insulin detemir (Levemir; Novo Nordisk, Bagsvaerd, Denmark), meal-time insulin aspart (NovoRapid; Novo Nordisk), and biphasic insulin aspart 30 (aspart premix) (NovoMix 30; Novo Nordisk), alone or in combination, in routine clinical use in people with type 2 diabetes. There were no restrictions otherwise on entry into the study, in particular for baseline HbA 1c levels, except pregnancy, intended pregnancy, or breast feeding. The study was carried out in 3,166 centers in 28 countries. The countries were grouped into the following seven geographical regions: China; South Asia; East Asia; North Africa; Middle East/Gulf; Latin America; and Russia. The participants and advising physicians decided on which insulin to use, the starting dose, administration frequency, and any later changes to either dose or frequency. There were no defined study-related procedures, except measurement of HRQOL; other measurements were made by the treating physician as part of their normal clinical practice. Study data were extracted at baseline, and at 12 and 24 weeks. Baseline characteristics for insulin-naive and insulinexperienced participants enrolled in the A 1 chieve study are shown in Table 1 .
Statistical Methods
For the current study, the dependent (outcome) variable was change in HbA 1c level from baseline to week 24 (continuous variable). Independent factors included the demographic and biomedical characteristics listed in Table   1 , but also, for the explanatory factors, the repeated measures at the end of trial included plasma glucose measurements, HRQOL, blood lipid levels, blood pressure, hypoglycemia, insulin dose, and OGLD use. These factors were first examined using a univariate analysis model, followed by a stepwise multivariate analysis model including only factors that were statistically significant (P , 0.05) in the univariate analysis. For the predictor analysis, only baseline measures were included as predictors (Table 1 ). For the explanatory analysis, both baseline and end-of-trial measurements (including the change in parameter from baseline values) were included as predictors.
The generalized linear model procedure in SAS (version 9.3; SAS Institute, Cary, NC) was used for univariate analysis, and a stepwise generalized linear model procedure was used for multivariate analysis. All analyses were conducted separately in insulin-naive and insulinexperienced participants, since these groups differ in stage and duration of diabetes, and in insulin dose titration needs. Forcing-in region and baseline HbA 1c level as factors in the multivariate model were considered, but, since both were statistically significant in both univariate analyses, this proved unnecessary. In judging predictive or explanatory power, r 2 $ 0.010 was chosen as being minimally useful, as r values ,0.10 on correlation are conventionally taken as inconsequential. However, the r 2 value is given in the tables for all statistically significant factors in all models.
RESULTS
Predictive Analysis
In insulin-naive participants, the mean change in HbA 1c level was 223 mmol/mol (SD 19 mmol/mol) [22.1% (SD 1.7%)]. A large number of baseline factors examined in the univariate analysis showed a statistically significant association with change in HbA 1c level after 24 weeks (all P # 0.01), while body weight and measures of prior hypoglycemia did not (Table 2) . However, most measures had an r 2 , 0.010 and were thus of poor predictive power, with only geographical region (r 2 = 0.028), greater use of OGLDs prestudy (r 2 = 0.015), measures of baseline blood glucose control (fasting plasma glucose [FPG] level r 2 = 0.116; postprandial plasma glucose [PPG] level r 2 = 0.079), aspects of blood lipid control (r 2 = 0.011), and initial insulin dose (r 2 = 0.031) each accounting for .1.0% of the variance in change in HbA 1c level (r 2 $ 0.010). The strongest association with HbA 1c level change in this univariate analysis was for baseline HbA 1c level (r 2 = 0.676).
Among insulin users, the mean change in HbA 1c level was 219 (SD 19) mmol/mol [21.8 (SD 1.7) %]. Only sex, baseline HRQOL, and serum creatinine level were not significantly associated with the extent of improvement of HbA 1c level. However, relatively few factors had predictive power, these again being geographical region (r 2 = 0.024), prior glucose control (FPG level r 2 = 0.105; PPG level r 2 = 0.094), baseline insulin dose (r 2 = 0.015), and measures of serum lipids (r 2 = 0.023), but here also including duration of diabetes (r 2 = 0.012). Baseline HbA 1c level had the greatest predictive power (r 2 = 0.568). Measures of hypoglycemia during prior insulin therapy were statistically significant (P # 0.026), but had weak predictive power (r 2 # 0.002) ( Table 2 ). Baseline insulin regimen had limited predictive power in both insulin-naive people (r 2 = 0.007) and prior insulin users (r 2 = 0.004).
In the multivariate analysis, the model predicted 74% of the variance in HbA 1c level change for insulin-naive people and 62% for prior insulin users. Predictors of HbA 1c level change that displayed considerable predictive power (r 2 $ 0.010) were HbA 1c level at baseline (r 2 = 0.701) and geographical region (r 2 = 0.037) in the insulin-naive group, and similarly (r 2 = 0.576 and r 2 = 0.034, respectively) for prior insulin users ( Table 3 ). In both insulin-naive people and prior insulin users, baseline BMI, LDL cholesterol level, microvascular complications, and prestudy OGLD number were also statistically significant, but all had r 2 value #0.003 and were thus of low predictive power. In addition, age, body weight, duration of diabetes, PPG level, systolic blood pressure, total cholesterol level, triglyceride level, macrovascular complications, and major hypoglycemia while receiving prestudy insulin therapy were similarly statistically significant but of low predictive power (all r 2 # 0.003) for prior insulin users (Table 3) .
Explanatory Analysis
In insulin-naive participants, a large number of within-study and end-of-trial measures showed a statistically significant association with change in HbA 1c level after 24 weeks (Table 4) . Indeed, this included within-study biochemical measures, body weight, HRQOL, measures of hypoglycemia, and measures such as insulin dose and use of OGLDs related to treatment. Several of these factors returned an r 2 value of $0.010, and thus showed some useful explanatory power, including measures of plasma glucose (r 2 = 0.010-0.169) and lipid control (r 2 = 0.016-0.019), insulin dose at end of trial (r 2 = 0.019), OGLD number at end of trial (r 2 = 0.011), and HRQOL at end of trial (r 2 = 0.029). Among insulin users transferring from another insulin, the patterns of explanatory variables were similar (Table 4 ). Again, metabolic measures of blood glucose and lipids had some explanatory power (r 2 $ 0.010), but here insulin dose at end of trial and OGLD number at end of trial carried only a weak explanation for the change in HbA 1c level (r 2 # 0.008), although HRQOL at end of trial had similar power to the insulin-naive group (r 2 = 0.022). In insulin-naive people and insulin users, the greatest additional explanatory association for the change in HbA 1c level after 24 weeks was observed with the change in FPG level (r 2 = 0.169 and r 2 = 0.191, respectively), followed closely by change in PPG level (r 2 = 0.134 and r 2 = 0.179, respectively).
In the multivariate analysis, the model explained 82% of the variance in HbA 1c change for insulin-naive people and 71% for prior insulin users (Table 3) . Of baseline factors, only HbA 1c level itself remained in the model with useful explanatory power for both the insulinnaive and insulin user groups (r 2 = 0.687 and r 2 = 0.544). Geographical region presented minimally useful explanatory power (r 2 = 0.028 and r 2 = 0.014), while other baseline and demographic factors that were statistically significant had very little explanatory power. Of the within-study factors, a similar pattern emerged in the insulin-naive and insulin user groups. Measures of glucose control such as FPG level at end of trial had some explanatory power in both groups (r 2 = 0.088 and r 2 = 0.110, respectively). However, in the insulin user group, there was no independent association between end-of-trial minor hypoglycemia, creatinine level, and systolic blood pressure with the change in HbA 1c level, while in the insulin-naive group these factors still had a significant association but with minimal explanatory power (r 2 , 0.010). Total cholesterol change, end-of-trial HRQOL score, and insulin dose also had significant association but with very low explanatory power in both participant groups.
CONCLUSIONS
The large size (;67,000 people) and wide geographical distribution (outside western nations) of the A 1 chieve study should provide the most robust estimates yet of predictors and explanatory factors of improvement in HbA 1c level when starting or changing insulin therapy, albeit limited here to three preparations of insulin analogs.
Because of the power of the study, many factors were highly statistically significant in the univariate analysis (Tables 2 and 4 ) for both the predictive (baseline factors) and explanatory (including within-study measures) analyses, and, indeed, for factors that proved independent in the multivariate analysis (Table 3 ). However, the variance explained by many factors is poor, providing a reminder that P values are not good measures of clinical significance when sample size figures are large.
The strongest predictive factor was baseline HbA 1c level, both for individuals starting insulin therapy and for those switching insulin therapy to these insulin analogs. Indeed, the estimate is such that baseline HbA 1c level in the univariate analysis accounted for approximately half or more of the improvement in HbA 1c levels when starting therapy with insulin analogs, strengthening on multivariate analysis to around two-thirds. Other measures of baseline glucose control (fasting and postprandial) also correlated with change in HbA 1c level, but these either disappeared (fasting) or were markedly reduced in power (postprandial) in the multivariate analysis, presumably through being related to HbA 1c itself. It is likely that, if baseline HbA 1c level were excluded from the factors considered, FPG and PPG levels would be the strongest factors remaining on multivariate analysis. Others have noted that, between studies, baseline HbA 1c level is a predictor of response to glucoselowering agents (22, 23) , and, indeed, the effect was readily seen in some single studies (24, 25) . A question arises as to whether this predictive power of baseline HbA 1c level is a property of the insulin or medication itself, or of associated factors (e.g., education given at the time, study effect, regression to the mean). In the A 1 chieve study, it was noted that weight gain and hypoglycemia were not problems when starting therapy with an insulin analog, while systolic blood pressure also improved, and it was therefore suggested that some combination of these factors together with the insulin was of importance (12) .
Other metabolic factors such as lipid measures also had some predictive power, but largely dropped out or had very low power in the multivariate analysis. It may be presumed that they were either related to the poor blood glucose control or also responded to lifestyle measures (and perhaps other therapy) introduced in this observational study at the time of starting therapy with the insulin analog. Therapeutic factors such as starting insulin dose and use of OGLDs were also moderately predictive but, again, dropped out or became very poorly predictive (r 2 # 0.001) in the multivariate analysis. OGLD use at end of study similarly had low-to-moderate explanatory power in the univariate analysis but disappeared in the multivariate analysis. All three of these factors are possibly clinicians' responses to levels of blood glucose control, and may not have been independent of baseline HbA 1c level.
Measures of the status of diabetes such as duration from diagnosis, and microvascular and macrovascular complications, do appear as predictive factors, but disappear in the multivariate analysis, apart from microvascular complications (predictive analysis) and duration of diabetes (explanatory analysis), but, again, the predictive power is very low in both cases.
Important clinically, and often seemingly interrelated, factors are body weight, quality of life, and hypoglycemia. The first factor is poorly predictive of final HbA 1c level even in the univariate analysis, and not at all in the insulin-naive population or in the explanatory analysis, although the effect in insulin users is preserved very weakly in the predictor multivariate analysis. In the A 1 chieve study, people did not gain weight with insulin analog therapy in routine clinical practice (indeed, they lost it with insulin detemir therapy), perhaps obviating the clinical experience that weight gain sometimes limits insulin dose titration and thus attainment of improved glucose control. Indeed, we have presented subanalysis data that HbA 1c change did not differ by baseline BMI with insulin detemir treatment, and that body weight change was inversely related to baseline BMI (26) . Hypoglycemia (no vs. yes in the last 4 weeks of study) does have some power as an explanatory factor for final HbA 1c level; however, very low rates of hypoglycemia were recorded in the A 1 chieve study (12) , which in turn could have reduced the power of this explanatory association between hypoglycemia and final HbA 1c level. This explanatory power effectively disappeared in the multivariate analysis.
Since end-of-study glucose control (fasting and postprandial) remained in the explanatory model, it is possible that the rather unstable hypoglycemia measures were related to these, and were driven out by them. Last, quality of life, measured by the EQ-5D questionnaire, which changed markedly in the study, was poorly predictive at baseline, but somewhat more related to HbA 1c level change at end of study, an effect that remained with low power, in the multivariate analysis.
The subject of this study is relatively novel, and related articles generally do not specifically address predictors of control on starting or changing insulin therapy. Evidently, a few studies comparing insulin regimens do compare outcomes of glucose control between regimens, finding, as we do, that these outcomes are not major predictor or explanatory factors (27, 28) . The IMPROVE study results section comments that duration of diabetes and baseline HbA 1c level are predictors of control change at 26 weeks using a multivariate analysis when starting biphasic insulin aspart therapy, but no details as to what variables were included in the analysis are given (20) . However, it can be inferred that baseline HbA 1c level was again a powerful predictor, while duration of diabetes had a smaller effect (20 (15) (16) (17) (18) (19) (20) .
Our study has its limitations. The duration of the study was relatively short at 24 weeks, and from routine care data we had no measures of factors that might affect longer-term trends in control, such as C-peptide levels or patient adherence and resources (30) . Indeed, the diverse regional coverage of the study is both a strength and a weakness, increasing overall generalizability but carrying the risk that regional variations could have diluted the power of associations that might be locally relevant. In the A 1 chieve study, individuals receiving routine care were treated with different insulin analogs; therefore, the reported associations were generated using data from a mixture of different interventions. It is not necessarily the case that different analogs, and indeed different insulins, would yield similar results if they resulted in different changes in HbA 1c levels. Also, any unique properties of a studied analog, such as those regarding hypoglycemia or weight change, and which might putatively affect HbA 1c level change, would limit generalizability, probably to a small but unknowable extent. In addition, given the global scope of the A 1 chieve study, potential variation in data collection methods across different regions may confound the prediction analysis. Set against these limitations is the sheer size of the study, thus delivering high power of correlation for the univariate analysis, and thus the power to enter with validity a large number of possible variables into the discriminatory analyses. Indeed, our models were able to predict 63-82% of the overall variance in change in HbA 1c levels, suggesting that we are capturing most of the important influences, although perhaps data on adherence to therapy and lifestyle might have improved overall power further (15, 19, 31) .
Clinically, it seems that physicians can expect from these results that all markers of poor metabolic control may predict that larger improvements in glucose control can be achieved when starting insulin therapy, although, ultimately, it is enough to look at HbA 1c level. However, it may be reassuring to the person contemplating starting or switching insulin therapy that there is an opportunity for improvement in multiple risk factors, and to the payer that the package of changes is costeffective (12, 32) . Of clinical importance, neither baseline body weight nor prior hypoglycemia are strong predictors of failure to achieve change in HbA 1c level. This is equally true of factors associated with long duration of diabetes such as the presence of complications.
Unfortunately, we know from the ACCORD epidemiological analysis that people who fail to improve control with intensification of therapy (including insulin presumably) have poor outcomes (33) , but it appears from our analysis that the factors measured here, including macrovascular complications and prior hypoglycemia, had little power to predict who those people might be. Indeed, although those failing to improve control in the ACCORD study had higher rates of hypoglycemia during the study (after intensification), this effect is not seen in our data. One explanation may be that, while the ACCORD study was using high-intensity therapy with the aim of achieving HbA 1c levels of ;6.0% (42 mmol/mol), our investigators were delivering routine care and may have backed off from further dose titration once hypoglycemia occurred.
In conclusion, in routine clinical care around the world, when starting or switching to therapy with an insulin analog, the major determinant of change in HbA 1c is baseline HbA 1c level. While other factors do contribute statistically to predictive models, their power is very low, considering both baseline factors alone and explanatory factors measured during the follow-up period or at end of study.
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